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During a survey in Santa Gilla, a Tyrrhenian lagoon located in southern Sardinia, several specimens of the alien
polychaete Naineris setosa were found. 1) A brief description of the specimens is presented; they possess the
rounded prostomium and the crenulated capillary chaetae typical of the genus, but they are characterized by the
absolute lacking of uncini or subuluncini in thoracic neuropodia, which is unique trait within Naineris; 2) some
environmental characteristics of the collection site are measured; 3) the description and the distribution of the
specimens are also provided.
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Occurrence of alien species has altered marine ecosystems
all over the world. The Mediterranean Sea is one of the
marine areas most affected by biological invasions (Zenetos
et al. 2010). A recent revision (Coll et al. 2010) considers it
as a biodiversity hotspot, harbouring about 17,000 species,
of which more than 600 (3.3 %) are alien ones.
Species belonging to the class Polychaeta can be found in
every marine benthic environment from littoral to hadal
depths. They play a key role in the trophic ecology of these
habitats since they are usual prey for fish and other demer-
sal animals. Many polychaete species show a remarkable
ecological plasticity and can adapt to new environments, so
these species might have the capacity to become invasive
when translocate to new geographic areas. Accordingly,
polychaetes rank third in the list of animal groups contain-
ing more alien species in the Mediterranean, only behind
molluscs and crustaceans, and first in the Italian coasts
(Zenetos et al. 2012; Occhipinti-Ambrogi et al. 2010).
The members of the family Orbiniidae, apart from a
few little sized species living among algae on hard sub-
strata, are polychaetes that inhabit sediments, especially
in shallower depths, where they act as non-selective* Correspondence: giulia.atzori@unica.it
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Mediterranean Sea, the native fauna of Orbiniidae is
composed of 13 species (López 2012) and the genus
Naineris Blainville, 1828 is represented only by N. laevi-
gata (Gube, 1855). Apart from N. setosa (Verrill, 1900),
other orbiniids, namely N. quadraticeps Day, 1965 and
Leitoscoloplos kerguelensis (McIntosh, 1885), have been
also recorded as alien species in this area but these re-
ports are currently considered questionable (Zenetos
et al. 2010).
In particular, N. setosa was originally described from
Bermuda Islands. It is known as a widely distributed spe-
cies in tropical and subtropical latitudes in the western
Atlantic Ocean, ranging from its type locality in the
North to Sao Paulo in the South (Rizzo and Amaral
2001), with records from SW Florida and Gulf of Mexico
(Perkins and Savage 1975), eastern Mexico (Rioja 1960;
Hernández-Alcántara and Solís-Weiss 1995), and Belize
(Solís-Weiss and Fauchald 1989). The species has been
cited also several times in the tropical eastern Pacific,
where it has been recorded from Acapulco, Mexico
(Hartman 1957), and from Costa Rica, as well as from
Cocos and Galapagos Islands (Blake and Giangrande
2011). The latter authors supposed that the species oc-
curs naturally in the Pacific coast of the Americas.
The first report of N. setosa out of its native geographic
range was from the Adriatic Sea (Blake and Giangrandeis distributed under the terms of the Creative Commons Attribution 4.0
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aquaculture farm in Brindisi (Adriatic Sea, Italy) and in
spite of being extremely abundant they were restricted to
that installation due to its isolated water recirculation sys-
tem. At the point of time of publishing, the whole facility
was closed down and the population became extinct (Blake
and Giangrande 2011). Between 2012 and 2013, several
specimens of N. setosa were collected from Boughrara
lagoon (Tunisia) (Khedhri et al. 2014). In this locality the
species was reported to be less abundant compared to
the population found in the farm facility in Brindisi
(maximum reported density of 21 individuals m−2 vs. 500
individuals m−2), but its presence in two successive years
indicated that the population was established, even though
numbers were clearly decreasing from the first to the sec-
ond year (Khedhri et al. 2014).
The aim of this paper is to report the first record of
this non-indigenous species in a Thyrrenian lagoon
(Santa Gilla - southern cost of Sardinia), and to provide
a description of its distribution.
Review
Study area
The Santa Gilla lagoon covers an area of about 1300 ha
and is located in the southern coast of Sardinia, close toFig. 1 Map of the Santa Gilla lagoon showing the location of sampling stathe urban center of Cagliari, where it lies between the
historic and industrial ports (Fig. 1). The Santa Gilla area
is one of the most important wetlands in Sardinia, and it
is classified as Special Protection Area (Directive 79/
409/CEE), as Wetland of International Importance
under the Ramsar Convention (DM 03/09/1980) and as
Site of Community Importance (Directive 92/43/CEE).
Sampling sites and techniques
The specimens were collected from samples taken in
order to characterize the macrozoobenthic community
of this lagoon along a salinity gradient. Nine stations
were investigated during two surveys (S1, S2, S3, B2, B4,
E1, E3, H2 and H4). Stations S1, S2 and S3 were sam-
pled in July and October 2010, and in January and April
2011; stations B2, B4, E1, E3, H2 and H4 were sampled
in September and December 2013 and in March and
June 2014.
Stations S3, B2 and B4 were located near the fresh-
water, whereas S1, H2 and H4 were closer to the sea
mouth; stations S2, E1 and E3 were selected in an inter-
mediate area in the central part of the lagoon (Fig. 1).
Samples were taken seasonally, every three months, at
each station. Each sample consisted of three replicates
collected by means of a Van Veen grab (total surface pertions
Fig. 2 Description of Naineris setosa (Verrill, 1900): (a) anterior end,
dorsal view; (b) left parapodium of chaetiger 14, posterior view;
(c) left parapodium of chaetiger 22 (transitional), posterior view.
Abbreviations.- Bra: branchia; Dp: dorsal process of neuropodial lobe;
Es: eyespots; Pr: prostomium. Scale bar: A, 2.14 mm; B, C, 0.25 mm
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oxygen (mg/l and % sat), pH and salinity (PSU) were
measured in each station with a multiparametric probe
(Hanna Instruments HI9828). Each replicate was washed
through a 1 mm mesh screen and the material retained
was narcotized with 7.5 % magnesium sulphate solution,
fixed in 4 % buffered formalin, dyed with Rose Bengal
and preserved in 70° ethanol. The process of sorting the
biological material to taxonomic level of family was ac-
complished by means of a stereomicroscope under 7–40
x magnification. Measurements and pictures were made
with the same optical equipment adding an ocular mi-
crometer and a camera lucida drawing tube. The various
kinds of chaetae were studied with a biological micro-
scope (100–1000 x magnification) provided with an ocu-
lar micrometer for measurements and a camera lucida
drawing tube for line pictures.
Systematics
Family ORBINIIDAE
Genus Naineris Blainville, 1828
Naineris setosa (Verrill, 1900)
(Fig. 2)
Aricia setosa Verrill, 1900.
Naineris setosa (Verrill, 1900). (Solís-Weiss and Fauchald
1989; Hartman 1957; Blake and Giangrande 2011; Khedhri
et al. 2014; Treadwell 1936).
Material examined
Station S1: 19th October 2010, 13 specimens; 18th Janu-
ary 2011, four specimens. Station S2: 19th October 2010,
one specimen; 18th January 2011, one specimen. Station
S3: 19th October 2010, one specimen. Station E1: 7th
March 2014, one specimen; 18th June 2014, one specimen.
Station E3: 4th December 2013, one specimen. Station H2:
26th September 2013, 12 specimens; 4th December 2013,
15 specimens; 7th March 2014, 17 specimens; 18th June
2014, one specimen. Station H4: 4th December 2013, one
specimen.
Description
All specimens incomplete; largest specimen 20 mm long
for 52 chaetigers; 5.4 mm long to chaetiger 10; 6.7 mm
wide at middle thorax, 4 mm wide at first abdominal
chaetiger. Body white in alcohol with no colour mark-
ings; minute dorsal crest between each pair of branchiae.
Prostomium (Fig. 2a) broadly rounded, with two groups
of loosely arranged eyespots, without appreciable nuchal
organs. Thorax (Fig. 2a) consisting of the peristomium
and 19–21 chaetigers; dorso-ventrally flattened, distinctly
expanded. All thoracic parapodia biramous; first one simi-
lar to the remaining but smaller. Thoracic notopodia
(Fig. 2b) bearing a cirriform postchaetal lobe supported by
a straight acicula and with a semi-circular projection nearthe base; with about 25 crenulated capillary chaetae;
forked chaetae absent. Thoracic neuropodia (Fig. 2b) as
simple ridges, with a high, triangular postchaetal lobe
bearing a distinct dorsal process from chaetiger 1; with
about 200–250 crenulated capillary chaetae, similar to
notochaetae but thicker and slightly curved; arranged in
two bundles, those in ventral one less numerous and
slightly longer and darker than dorsal ones; uncini and
subuluncini absent. Transition to abdomen gradual, with
3–4 transitional chaetigers; transitional notopodia (Fig. 2c)
very similar to thoracic ones, with about 25 crenulated ca-
pillary chaetae and similar postchaetal lobe; postchaetal
lobe of transitional neuropodia shorter than those of thor-
acic chaetigers but higher and possessing a longer dorsal
process, bearing about 80 crenulated capillary chaetae.
Abdomen very fragile and easily damaged, incomplete or
even completely lacking in all specimens. Notopodia with
long, cirriform postchaetal lobe; bearing about 18 crenu-
lated capillary chaetae and 1–2 furcate chaetae, distal tines
unequally long, inner spines long shaft with rows of mi-
nute spines on the side of the shorter tine. Abdominal
parapodia without interramal cirri. Neuropodia broadly
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distally rounded acicula; about 15 crenulated capillary
chaetae in two fascicles, dorsal one composed of 3–5
chaetae similar in thickness to corresponding notochaetae,
ventral one composed of 10–12 slightly thinner chaetae.
Branchiae (Fig. 2a, b) from chaetiger 6; bearing no fimbri-
ation, compressed and tapering to a slender tip; first thor-
acic pair smaller, progressively increasing in length
reaching complete size in chaetiger 8–9; abdominal bran-
chiae longer, with proportionately longer tips. Dorsal re-
tractile statocysts from chaetiger 12.
Ecology and distribution within the lagoon
The environmental parameters, as well as coordinates and
sampling dates, for the stations in Santa Gilla lagoon
where N. setosa was found are given in Table 1. Individ-
uals were found scattered all over the basin, being absent
only in stations B2 and B4; however, in most cases, the
species was represented by a single specimen, occurring
only once (stations S3, E3 and H4) or twice (stations S2
and E1), pointing out to occasional and scarce presence of
the species at those locations. The remaining two stations
harboured greater populations. In station S1, 13 speci-
mens were collected in October 2010, although only 4
were collected in January 2011. Similarly in H2, more than
10 specimens were collected several times (in September
and December 2013 and in March 2014); however, popu-
lation in this station apparently collapsed, and just one
specimen was found in June 2014. The higher abundances
in these two stations located closer to the open sea indi-
cate a preference for more marine-influenced environ-
mental conditions, contrasting the fact that N. setosa
seems to be a very euryhaline species that achieved rela-
tively high population densities when salinity dropped to a
mere 3.8 in Station H2 during March 2014.Table 1 Sample stations: date of collection, geographical coordinate
Station Day Latitude Longitude Depth (cm
S1 19/10/2010 39.22626 9.08313 90
S2 19/10/2010 39.23216 9.07397 79
S3 19/10/2010 39.24574 9.02865 80
S1 18/01/2011 39.22626 9.08313 79
S2 18/01/2011 39.23216 9.07397 79
H2 26/09/2013 39.22239 9.09158 150
E3 04/12/2013 39.23122 9.06228 140
H2 04/12/2013 39.22239 9.09158 150
H4 04/12/2013 39.21886 9.08811 135
E1 07/03/2014 39.23592 9.06492 125
H2 07/03/2014 39.22239 9.09158 135
E1 18/06/2014 39.23592 9.06492 160
H2 18/06/2014 39.22239 9.09158 160Discussion
Specimens of N. setosa were collected in Santa Gilla la-
goon during the sampling campaigns from 2010 to 2014
suggesting a successful establishment of the species.
However, its densities showed dramatic fluctuations be-
tween successive seasons and years. The population dy-
namics have been studied only in a few species of
Orbiniidae. For instance, a population of N. laevigata,
studied in a Mediterranean lagoon (Acquatina lagoon),
was composed of individuals that lived two or three
years and showed notable variations in its densities, usu-
ally related to environmental alterations as temperature
and salinity fluctuation (Giangrande and Fraschetti
1995). This is unlikely the explanation for the case of
Santa Gilla lagoon, where N. setosa population appeared
to remain stable when the salinity value plunged.
Naineris. setosa is associated with stressed habitat or is
a tolerant opportunistic species. In the Mediterranean
Sea it has been previously collected from heavily pol-
luted habitats, such as black anoxic muds (Blake and
Giangrande 2011) and in these environments it was able
to withstand salinities as high as 43.1 PSU (Khedhri
et al. 2014). In Santa Gilla lagoon, in the station where
highest densities were achieved, both temperature and
salinity fluctuated dramatically on a seasonal pattern,
with temperatures ranging from 23.9 °C in September to
11.6 °C in December and salinity ranging from 37 (PSU)
in September to 3.8 (PSU) in March; in none of these
extreme environmental conditions population densities
were observed to decrease.
Introduction pathway
The material herein described was collected in a period
running from two years before to one year later the first
collecting in Tunisia (Khedhri et al. 2014), revealing thes, and environmental features
) Temperature (°C) Salinity OD (mg/L) OD(% sat)
18.20 33.2 7.30 95.1
16.20 28.6 7.12 86.9
17.23 24.7 4.89 57.8
12.49 25.0 4.44 47.5
11.39 21.3 4.72 47.9
23.86 37.5 6.14 83.1
10.10 4.0 9.18 83.8
11.60 8.5 9.02 87.7
12.10 8.0 8.95 87.6
11.30 2.1 10.33 95.7
12.40 3.8 10.47 100.0
23.19 32.3 6.34 80.0
22.79 34.9 6.66 91.0
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area. Indeed, the first record was reported from an aqua-
culture facility near Brindisi (Adriatic Sea, Italy) (Blake
and Giangrande 2011) but at the time of the publication
the farm was closed and the species was no longer col-
lected. However, all these findings indicate the capacity of
the species to colonize suitable habitats in the Western
Mediterranean, outside its native area. Thus, a potentially
invasive character should be monitored in further studies.
The vector of introduction of N. setosa to Mediterranean
localities is unknown and very hard to explain. It was
presumed that it arrived with the fish reared (Blake and
Giangrande 2011), because its presence was limited to the
aquaculture facility in Brindisi which cultivated the black
seabass Centropristis striata (Linnaeus, 1758), a West
Atlantic species (Robins and Ray 1986). It was pointed to
package containing seagrass fragments that harboured adult
polychaete specimens or to presence of lecitotrophic larvae
in the seawater used for live fish transport. In this respect,
it must be taken into account that in many European coun-
tries effective regulation on live fish imports were imple-
mented some years after the first collection (Katsanevakis
et al. 2013). Even though were collected some specimens
from a fish farm, it was dismissed that explanation based
on the fish species cultured in the lagoon (Khedhri et al.
2014), which never came from the western Atlantic Ocean.
This is also the situation of Santa Gilla lagoon, where the
only aquaculture activities are devoted to rearing the native
mollusc species Ruditapes decussatus and Mytilus gallopro-
vincialis, which are absent in the native area of N. setosa.
Alternatively, it was hypothesized (Khedhri et al. 2014)
that N. setosa reached the lagoon of Boughrara carried
by ship traffic but did not determine whether it was as
fouling of the ship hull or in the ballast water. The eco-
logical requirements of most orbiniids, which need deep
sediments to burrow in when adults (López 2012), are
not easily fulfilled in the fouling community, but fouling
cannot be totally discarded for N. setosa as it has been
reported to live on mangrove roots covered by a thin
layer of sediment (Solís-Weiss and Fauchald 1989).
As an additional cue to the shipping pathway to ex-
plain the arriving of N. setosa in the lagoon of Bourgh-
rara, it was taken into account the proximity of Gabes
international harbour (Khedhri et al. 2014). In this re-
spect, Santa Gilla lagoon is again a very similar environ-
ment being a semi-enclosed water-body close to Cagliari
international harbour, which supports very heavy mari-
time traffic. According to the Port Authority statistics,
during 2013, a total of 34.800.643 tons (whereof
14.221.207 tons of crude), 6293 ships, 343418 passen-
gers, arrived to/departed from the Cagliari port. Al-
though commercial navigation is the most important
pathway involved in alien species translocation in the
Mediterranean (Nunes et al. 2014), recreational boatingis also to be considered since the two lagoons are very
close to important touristic centres with large marinas,
such as Djerba Island in Tunisia and the town of
Cagliari in Sardinia.Conclusions
This study demonstrates that a few years after N. setosa
appeared in its first locality in the Mediterranean Sea
(Brindisi, Adriatic Sea), it scattered across the Western
Mediterranean basin colonizing favourable habitats, such
as Santa Gilla lagoon in Sardinia (first reported occur-
rence in October of 2010) and the lagoon of Boughrara
in Tunisia (first reported occurrence in August of 2012).
There is not clear evidences of how this species en-
tered in the Mediterranean. The fact that the two find-
ings, in Santa Gilla lagoon and in Boughara lagoon are
almost coincident in time could be attributable to mul-
tiple and independent introduction events.
However, the successful colonization of the basin by
N. setosa confirms that in Santa Gilla lagoon ecological
conditions for alien species establishment exist, as previ-
ously demonstrated the presence of other two alien spe-
cies, the amphipod Caprella scaura Templeton, 1836
(Cabiddu et al. 2013) and the bivalve Arcuatula senhousia
(Benson in Cantor, 1842) (Atzori et al. 2013). Therefore,
further monitoring and studies are essential to evaluate
the real invasive success of these species and to under-
stand the consequences of their introduction on the native
communities.
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